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及 XRF 等手段对催化剂进行表征分析。主要得到如下结果： 








3、通过引入不同含量 Ti4+进行离子交换改性 FER 分子筛催化剂，实验结果
表明低浓度离子交换改性有助于精细调控 FER 分子筛的酸性性质，并且其骨架
结构保持完整。高浓度 Ti4+改性处理除了会改变酸性性质之外还会改变骨架结构，
此时 FER 分子筛的催化特性尚无法如低浓度般调控。 
























Isobutene is an important basic organic chemical with a wide range of uses. In 
this study, using ferrous alkali zeolite FER as catalyst and applying various 
modification and post-treatment methods.the composition and surface acidity of the 
catalysts were investigated via HNO3 treatment, urea treatment, ion exchange 
modification .The effects of these treatments on the catalytic properties (activity, 
selectivity and stability) thus the isomerization of butene were investigated. The 
catalysts were characterized by TG, BET, XRD, Py-IR, NH3-TPD, NMR and XRF. 
The main results are as follows: 
1.The removal of skeleton aluminum by HNO3 treatment results in reducing the 
strong B acid center,simultaneously the removal of the skeleton of aluminum will 
change aluminum-silicon coordination as well as the microstructure on FER 
molecular sieve. Thus the acidic nature of the catalysts was not well controlled, so as 
to the catalytic reaction performance. 
2. Having the basic nature with special lone-pair electrons, urea was utilized as 
modification material on the purpose of maintaining the overall skeleton structure of 
FER molecular sieve at the same time poisoning strong acid sites.In this way,the 
number of acidic sites on the FER molecular sieve catalyst will be 
changed(decreased),while the aluminum-silicon coordination did not change.As such 
a treatment is only poisoned the active site but not changed the skeleton structure of 
the catalysts,some corresponding effects could be observed.The modification results 
in reducing the conversion of butane while increasing the selectivity of isobutene,but 
the yield of butene also tend to decrecse.  
3.Applying Ti
4+
 to substitute the aluminum on the skeleton structure of the 
catalysts.The experimental results show that the low Ti
4+
 concentration modification 
can help to fine tune the acidic properties of FER molecular sieve, and its skeleton 
structure remains intact. Therefore,the corresponding effects of substitution on 
catalytic performance was not well regulated when the high Ti
4+
 concentration was 
















changed at high Ti
4+
 concentration. 
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表 1.1 来自催化裂化和蒸汽裂解的 C4馏分的组成（质量分数，%） 
Table1.1 Composition of C4 hydrocarbon from FCC and Steam cracking (mass 
fraction, %) 
组成 催化裂化（FCC） 蒸汽裂解 
异丁烷 34 1 
正丁烷 10 2 
异丁烯 15 22 
1-丁烯 13 14 
2-丁烯 28 11 
丁二烯 — 48 










































纸张上光剂、印染助剂、油漆涂料等领域。预计到 2020 年我国 MMA 生产能力

































理后的 γ-Al2O3作为催化剂，反应温度 470℃，正丁烯转化率 30%-40%，异丁烯
选择性 78%-84%，单程收率为 23%-33%。目前已开发出的丁烯骨架异构化工艺，
依据固体酸催化剂的构成可分为氧化铝工艺与分子筛工艺两类[19-21]。见表 1.2： 
表 1.2 丁烯骨架异构化工艺 
Table 1.2 Butene skeleton isomerization process 
工艺技术 ISO-4 SISP-4 SKIP Buteson Isomplus 
开发公司 法国石油
研究院 






Al2O3 SAPO-11 镁碱沸石类 
反应温度
（℃） 
500 470 482~550 340 382~432 
正丁烯转
化率（%） 
34 35 35 47 40 
异丁烯选
择性（%） 







公司和 Phillips 石油公司共同开发研究，此工艺选用 Al2O3作为催化剂，反应温




Pa，空速为 2h-1，反应温度为 500 ℃，正丁烯转化
率为 34%，异丁烯选择性为 94%。SISP-4 工艺[6]，它由意大利 Snamprogetti 公司
开发。此工艺采用的催化剂是 γ-Al2O3，且提前通过原硅酸四乙酯进行处理，其
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